To analyze the relationship of nutritional status with oral health status among visual impairment. The subjects were 146 elderly people (70 males and 76 females) aged 20-72 years (mean 48.8±6.2 years), Phitsanulok, Thailand. Mini Nutritional Assessment (MNA) questionnaires were administered. Oral examinations investigated the number of present teeth, DMFT and Functional Tooth Units (FTUs). According to the MNA score, 44.5% of subjects were categorized as normal nutrition, 47.3% as questionable, and 8.2% as malnutrition. The mean numbers of present teeth and FTUs were 17.8±6.9 and 6.9±3.2, respectively. Subjects with malnutrition had lower numbers of present teeth (10.7±1.4) and FTUs (4.3±1.7) than those with normal nutrition (20.2±0.7 and 12.3±0.5) (p≤0.05). Nutritional status of visual impaired Thai was associated with mean numbers of present teeth and FTUs. Keeping many natural teeth or having appropriate numbers of FTUs by replacing missing teeth with dentures would prevention malnutrition.
Introduction
The incidence of visual impairment is globally increasing. The main causes were local and systemic disease, medical advances and the increasing age population. Despite there being a large number, there is little information available regarding the dental health care and needs. Visual impairment may have a negative effect upon oral hygiene. 1 Physical access may be the first barrier to accessing dental care for individuals with a visual impairment. 2 The oral health of disabled people may be neglected because of focus on their disabling condition, other major diseases. 3 Socio-economic status, practical difficulties during treatment sessions, poor patient cooperation, pain, communication problems and inadequate recall system were the problems of oral health care for disabled. 4 Oral health is linked to happiness and good general health Good oral health is important for proper mastication, digestion, appearance, speech and health. 5 Poor oral health and oral function have been implicated as risk indicators for poor diet and nutrition. Aged/handicaps people with fewer teeth are known to be less likely to eat nutrient-rich food such as vegetables, fruits, meat, and whole grains. [6] [7] [8] An evident 35 suggesting that edentulous persons lack specific nutrients and these nutritional deficiencies could ultimately result in an increase in the incidence of various health disorders. [9] [10] Masticatory function is an important factor in the quality of life (QOL) in older people because masticatory impairment has a negative impact both on dental health and general health. [11] [12] [13] [14] Another important determinant of masticatory performance is the number of functional tooth units (FTUs). [15] [16] Chewing difficulties are often associated with a small number of FTUs. [17] [18] Visual impairment can have many effects on food choices, social aspects of eating behavior, variation within the diet and ability to access dietary information. 19 Few studies have assessed the relationship between oral health and nutritional status of visual impaired persons using standard measurements such as the Mini Nutritional Assessment (MNA) questionnaire. The previous studies show that a poor oral health status predicts "underweight" of older people. 14 Thus, the early detection of "risk of malnutrition" or "malnutrition" would be an important step towards the provision of necessary health care for visual impairment.
Many studies report that nutritional status is associated with oral health status and keeping a healthy and functional dentition until old age is important in maintaining appropriate nutritional intake. [20] [21] However, there are no studies in Thailand examining the relationship between oral health status, oral function and nutrition. Thus the aim of this paper was to analyze relationships among these variables in a population of visual impaired Thai.
Methods
The subjects for this cross-sectional study were drawn from visual impaired people aged 20 years or older with a simple sampling form Phitsanulok, Thailand. A total of 146 people (70 males and 76 females; mean age=48.8 years; SD=6.9) agreed to join the study and finger printed the informed consent form. A questionnaire survey administered by interview and oral examination were conducted
The questionnaire asked about sociodemographic and health behavioral information regarding age, gender, marital status, smoking status and alcohol consumption. Medical history and intake of medications were also asked during the interview.
The MNA was originally developed for the assessment of nutritional status of older patients in clinics, nursing homes and hospitals, or those who were otherwise frail. 22 The MNA comprises 18 items, whose score is calculated using an assigned weighted number of each item, and the total score ranges from 0 to 30. Older persons with scores 23.5 and over are classified as having a "normal" nutritional status, those with scores from 17 to 23 are classified as "questionable", and those with scores 16 or less are classified as "malnutrition".
One dentist assessed dental status for all subjects. Information was collected on the number of present teeth and dental caries experience such as decayed and filled teeth according to the World Health Organization (WHO) criteria. 23 The presence and type of dental prostheses for upper and lower arches were also registered in accordance with the WHO criteria.
The FTUs was defined as pairs of upper and lower opposing natural teeth (i.e., sound, restored and functional carious teeth) and artificial teeth on fixed and removable prostheses. Progressed carious teeth with extensive coronal destruction and missing teeth were regarded as non-functional. 24 FTUs which involved two opposing anterior or premolar teeth were defined as one FTU, and two opposing molars were defined as two FTUs. Therefore, a person with a completely occluding dentition had 20 FTUs (third molars excluded).
Statistical analyses.
The Chi-square test was used to compare categorical or nominal scale data Analysis of covariance (ANCOVA) was used to compare the differences of mean scores by control confounding covariates such as age. Statistical analyses were performed with the SPSS 20 software program and p<0.05 was used as the level for statistical significance.
Ethics. This study protocol was approved by the Naresuan University Ethical Committee on Human Rights, Thailand.
Results and Discussion
Sociodemographic and health behavioral characteristics. The number of subjects aged 20-69 years was 120 (82.19%) and those aged 60 years and older were 26 (17.81%). Among all subjects, 39.8% of those lived with only husband or wife, 56.1% lived with their family members, and 4.1% lived alone. Most subjects were non smokers (97.3%). Systemic diseases were observed in 77.2% of subjects: hypertension 47.3%, diabetes mellitus 26.3%, heart disease 7.5% and other disease 11.7%, and 74.9% of subjects routinely used medicines.
Nutritional status. The result from MNA shows that 44.5% of subjects had "normal", 47.3% had "questionable" and 8.2% had "malnutrition" status. In the 60 years and older age group, 13.6% of subjects were classified in the "malnutriton" status, which percentage was significantly higher than that of the 20-59 years old age group (5.2%).
Oral examination. The numbers of present teeth, decayed teeth and filled teeth by age and gender were showed in Table 1 . Subjects in the 60 years and older age group had significantly lower number of present teeth than those in the 20-59 years old age group. The mean number of filled teeth was low and less than 2 tooth among all subjects. Table 1 . The overall mean number of FTUs was 6.9±4.2. Females tended to have higher mean numbers of FTUs than males in both age groups (p<0.05). Table 2 shows the relationship of nutritional status with oral health status and chewing ability adjusted by age. The mean number of present teeth in the malnutrition group was 10.7, which was lower than 20.2 in the normal group and 18.1 in the questionable group (p<0.05). Subjects who were classified in the malnutrition group had a significantly higher mean number of decayed teeth (5.9) than those in the questionable (4.3) and normal nutrition groups (3.1). Further, subjects with malnutrition had significantly lower mean numbers of FTUs (4.3) than those with normal nutrition (12.3) (p<0.05).
Functional tooth units. The number of FTUs was show in
This study was the first study to use MNA for assessment of nutritional status among visual impaired Thai. More than eight percent (8.2%) of the elderly were classified as "malnutrition" and 47.3% as "questionable", which meant haft of visual impaired Thai had some nutrition problems. However, the medical or laboratory measurements needed for accurate malnutrition diagnosis.
The ratio of the risk at malnutrition of visual impairment is higher than their sight peers. Due to the permanent lack of necessary physical activity overweight is common in blind. Blind and visually impaired people have many difficulties in shopping food and prepare it. These difficulties affect they choice what to eat and also affect their BMI and body composition. Dietitians have an important role with disable people, so the blinds; dietitians may need special skills in the diet of blind people. 25 In this study sample, decayed teeth, filled teeth and number of present teeth were lower than those reported in the national oral health survey in 2012. 26 Other study reported that DMFT scores were higher in blind population when compare to sighted peers. 27 Visual impairment can have a negative effect upon oral hygiene, some individuals having poorer oral hygiene than sight peers. [28] [29] Many tooth loss as well as very few filled teeth in current results indicate that all stages of prevention are needed in this population.
FTUs index was used for the first time in visual impaired Thai. FTUs were calculated including both anterior and posterior teeth because visual impaired Thai had many tooth loss and few denture replacements in all parts of dentition. The number of FTUs in current subjects was very low with 6.9 FTUs out of 20 total FTUs compared to those studied in elderly Thai. 24 
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The number of FTUs and bite force are reported as the key determinants of masticatory performance, 30 which indicates that the maintenance of those elements may be of major importance for promoting a healthy oral functional status. It is also demonstrated that the function and position of remaining natural teeth is a more accurate indicator of chewing ability than merely the total number of present teeth. 31 The low numbers of FTUs suggest that keeping natural teeth by preventing dental caries and periodontal disease is necessary for elderly Thai. In addition, prosthetic replacement of missing posterior teeth would be essential dental services in the present study population. Sahyoun et al. in 2003 , reported that dental health was closely associated with nutritional status and that dental condition should be considered in nutritional counseling and assessment of older adults and handicaps. 32 This study also revealed a significant relationship of nutritional status with FTUs. It is reported that poor dental function is associated with impaired chewing and lower fiber intake. 30 Sheiham et al. (2001) evaluated nutrient intakes according to the number of present teeth and posterior occluding pairs. Fewer pairs of posterior teeth were significantly related to lower intakes of energy, protein, fat, carbohydrate, fiber, calcium, and vitamin C. 33 Tooth loss impacts on general health and is a risk factor for malnutrition, disability, loss of self-sufficiency and deterioration in quality of life. 34 Poor oral health among the visual impairment Thai would become a major public health concern, because Thailand is an aging country and the visual impairment tend to have less adequate nutrition due to the lower chewing ability. Therefore, in order to improve the quality of life of the visual impairment, it is essential to disseminate the information about the importance of oral health as well as the necessarity of dental treatments.
The given adequate verbal instruction individuals with a visual impairment can have the same levels of oral health as their sighted peers. Adequate oral hygiene instruction can have a positive impact on oral hygiene, periodontal status and maintain or improve self esteem. [35] [36] Dental treatment can be invasive and perceivably threatening and a visual impairment may make this more so, hence it may be appropriate to commence treatment with short appointments until the patient is accustomed to the dental staff and a rapport is established. [37] [38] There are a few limitations in this study. Cross-sectional research design cannot analyze the cause and effect relationships of variables. Thus, longitudinal and prospective research should be conducted to confirm the current relationship between oral health variables and nutritional status of the Visual impairment.
Conclusions
Oral health status was closely related nutritional status in Visual impaired Thai. People with a low mean numbers of present teeth and FTUs was associated with malnutritional. The study implies the need for an increased consciousness among dental and nutritional professionals about the importance of good oral health for the maintenance of proper nutritional status in visual impairment. Public health policies aimed at keeping natural teeth and having appropriate numbers of FTUs by replacing tooth loss with dental prostheses would improve and nutritional status of the visual impairment.
